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T H E X -R AY SPEC T R A L VA R IA B ILIT Y O F T H E SEY FERT
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A B ST R A C T
W e presentthe resultsfrom ASCA observationsofNGC 3227 perform ed
during 1993 and 1995,along with those from a ROSAT observation perform ed
pseudo-sim ultaneously with the form er.W e nd the 0.6{10 keV continuum to
be consistentwith a powerlaw with a photon index    1:6,atterthan that
typically observed in Seyfertgalaxiesconrm ing previousresults. Signicant
Fe K -shellem ission isobserved during both epochs,with an equivalentwidth
and proletypicalofSeyfert1 galaxies.TheASCA observationsin 1993 reveal
absorption by a screen N ionH ;z ’ 3 10
21 cm  2 ofionized m aterialwith an X-ray
ionization param eter UX ’ 0:01. Both the colum n and ionization-state of
thism aterialare atthe low end ofthe distribution ofparam etersobserved for
Seyfert1 galaxies.JointanalysisoftheASCA and ROSAT data atthisepoch
show an additionalscreen ofneutralm aterialinstrinsic to NGC 3227 with
N neuH ;z few10
20 cm  2 .
W e nd NGC 3227 to exhibitsignicant spectralvariability both within
and between theobservations.The m ostlikely explanation involvesshort-term
variability in thecontinuum em ission and longer-term variability in thecolum n
density ofthe ionized m aterial. Tim e-resolved spectroscopy and color{color
analysisindicatethattheslopeofthecontinuum steepened by  ’ 0:1 during
a areofduration  104s,within the1993 observation.Howeverwewereunable
to distinguish between a steepening ofthe ’prim ary’continuum and a change
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in the relative strengthsofthe power-law and a putative Com pton-reection
com ponent. The absorbing colum n increased by a factorof 10 by the 1995
epoch,while thecontinuum isconsistentwith thatobserved in 1993.The1995
data also show evidence thatthe warm absorberallows10% ofthe nuclear
em ission to escapewithoutattenuation.
W e review ourndingsin the contextofthe previousresultsfrom thisand
sim ilarobjectsand discusstheprospectsoffutureobservations.
Subject headings: galaxies:active { galaxies:nuclei{ galaxies:Seyfert {
X-rays:galaxies{ galaxies:individual(NGC 3227)
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1. IN T R O D U C T IO N
RecentX-ray spectra obtained by ASCA haverevealed thepresenceofionized m aterial
along thecylinder{of{sightin a largefraction (50{75% )ofSeyfert1 galaxies(e.g.Reynolds
1997;Georgeetal1998a,hereafterG98).To-date,thism aterialhasbeen detected prim arily
duetothebound-freeabsorption edgesofOvii(739eV)and Oviii(871eV)im printed on the
underlyingX-ray continuum ,although additionaledgesduetootherionshavebeen detected
in som eobjects.Thedepthsoftheabsorption features(and hence accuracy to which they
can bedeterm ined)varyfrom object-to-object,with sourceshavingim plied colum n densities
covering a range N (Ovii+ Oviii)

<few1017 cm  2 to

> 1019 cm  2 . Both these lim itson
the colum n density m ostlikely arise only asa resultofthe com bination ofthe m oderate
spectralresolution ofthe ASCA detectorsand the signal{to{ratio ofm ostofthe datasets
currently available. ForN (Ovii+ Oviii)

< 7 1017 cm  2 ,the opticaldepths (atthe
respective threshold energies)ofboth Oviiand Oviiiare

< 0:05,m aking the unequivocal
detection ofsuch featuresextrem ely dicult.ForN (Ovii+ Oviii)

> 1019 cm  2 ,bound-free
absorption edgesdueto otherionized elem ents(m ostnotably dueto C,N,NeK -shelland
Fe L-shelltransitions)becom e increasingly im portantand nally dom inate the opacity if
the absorbing m aterialhas’cosm ic’abundances,m aking the determ ination ofthe precise
strength ofthe Oviiand Oviiiedgesdicultwithoutdetailed m odelling. Nevertheless,
even the current lim its show that the colum n density ofionized m aterialalong the
cylinder{of{sightfarexceedsthatofneutralm aterialin the m ajority ofSeyfert1 galaxies.
Assum ing a standard abundance ratio ofoxygen (O/H 9 10 4 )the observed range of
N (Ovii+ Oviii)im pliestotalhydrogen colum n densitiesforSeyfert1 galaxiesasa class
covering therange1021

< N ionH ;z < 10
23 cm  2 .Itshould bestressed thatthesevaluesofN ionH ;z
are lowerlim itssince the colum n density ofoxygen with ionization states<Oviiand of
fully stripped oxygen ionsisunknown.
As rst suggested by Halpern (1984),the m aterialresponsible for these features
isgenerally considered to be photoionized by the intense radiation eld ofthe nucleus.
Detailed photoionization m odelshavebeen successfully applied to theexisting X-ray data.
The location and geom etry ofthishighly ionized m aterialiscurrently unclear. Itisalso
unclearhow them aterialresponsible forthefeaturesobserved in theX-ray band isrelated
(ifatall)to the ’associated absorbers’(prim arily resonantabsorption linesdue to Li-like
species ofC and N) com m only seen in the UV band in these objects (e.g. Crenshaw
1997)and som e attem ptshave been m ade to link the two (eg. M athur1994;Shields&
Ham ann 1997). Since the UV absorption featureswith coresvery close to zero intensity
(eg.Crenshaw,M aran,M ushotzky 1998)are seen im printed on broad em ission lines,this
placesthebulk oftheUV-absorberoutsidethebroad em ission lineregion (BELR).
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Itisbecom ing increasingly clearthata single screen ofionized gasin photoionization
equilibrium m ay be too sim ple a m odel. First,the colum n density ofthe ionized gas
has som etim es been seen to vary by large factors on relatively long tim escales (e.g.
M CG-6-30-15,Fabian etal1994;NGC 3783 George etal1998b),in factthe rstpaper
proposing the presence ofabsorption by ionized m aterialin an active galaxy,the QSO
M R2251-178,m ade thissuggestion based on the variable colum n density (Halpern 1984).
Second,dierentialvariability between the depthsofthe Oviiand Oviiiedgeshasbeen
seen in som eobjectson tim escales 104 s(e.g.M CG-6-30-15,Reynoldsetal1995,Otani
etal1996;NGC 4051,Guainazzietal1996). Third,a num berofsourceshave revealed
spectroscopic evidence forone orm ore screensofionized gas(e.g. NGC 3516,Krissetal
1996;NGC 3783,Georgeetal1998b,see also thoseobjectswith a ’1 keV decit’in G98).
Such observationsareproviding ourrstinsightsinto thelocation,physicalconditionsand
kinem aticsofthem aterialin thevicinity oftheX-ray source.
ThenucleusoftheSb galaxy NGC 3227 (z = 0:003)isheavily reddened (seeKom ossa
& Fink 1997,thereafterK97,and referencestherein),which isatleastpartially responsible
foritsclassication historically asboth a Seyfert2 (Huchra & Burg 1992)and Seyfert1.5
(Osterbrock & M artel1993)from spectroscopy ofthe opticalem ission lines. Evidence for
substantialam ountsofneutralm aterialwithin thegalaxy isalso provided by thedetection
ofHI(M undelletal1995a)and OH (Rickard,Bania & Turner1982)absorption,along
with CO (e.g.Rigopoulou etal1997 and referencestherein)and H 2CO (tentatively;Baan,
Haschick & Uglesich 1993)em ission. The hostgalaxy appearsto be interacting with a
nearby com panion,NGC 3226 (eg. Arp 1966).The radio,[Oiii] and H em ission reveal
asym m etricalphysicalconditionson theopposing sidesofthe nucleusand a m isalignm ent
between the collim ation ofthe radio em itting plasm a and that ofthe photoionizing
continuum (e.g.M undelletal1995b;GonzalezDelgado & Perez1997).Spatially{resolved
spectroscopy ofthecircum nuclearregionshaverevealed evidencethattheBELR (and hence
perhapsthe’nucleus’itself)iso-setfrom thecenterofrotation by 250 pc(M ediavilla &
Arribas1993;Arribas& M ediavilla 1994).
In theX-ray band,NGC 3227wasrstdetected in theAriel-V sky-survey and hasbeen
observed subsequently by allm ajorX-ray instrum ents(e.g.M aliziaetal1997and references
therein).Ofparticularnotearetheresultsfrom theEXOSAT observations,which revealed
dierentialvariability between thesoftand m edium X-ray bands(Turner& Pounds1989),
and theGinga observationswhich suggested an asym m etric prolefortheFeK  em ission
line (Poundsetal1989;George,Nandra & Fabian 1990)and evidence foran Fe K -shell
absorption edge(Nandra & Pounds1994).ROSAT and ASCA observationsofNGC 3227 in
1993 have revealed thepresence ofionized m aterialwithin thecylinder{of{sight(e.g.Ptak
etal1994;K97;Reynolds1997;G98).The valuesderived from N ionH ;z and UX are som e of
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thelowestyetreliably m easured in a Seyfertgalaxy,which m ay berelated to therelatively
low lum inosity ofthe source ( 1042 erg s 1 in the 0.1{10 keV band).The N ionH ;z issim ilar
to thatnecessary to giveriseto thereddening observed in theopticaland UV bandsifthe
ionized m aterialcontainsem bedded dustwith a gas{to{dustratio and com position sim ilar
to thatseen in ourGalaxy (K97;G98).
Here,for the rst tim e,we present the results from the analysis ofan ASCA
observation ofNGC 3227 perform ed in 1995 M ay. W e also describe the resultsfrom a
re-analysisofan earlierASCA observation carried outin 1993 M ay,along with those from
a contem poraneousROSAT observation. The observationsare described in x2,and the
prelim inary data reduction and tem poralanalysisin x3.W eshow thatNGC 3227 exhibits
signicantenergy-dependentvariationsboth within and between thetwo epochs.In x4 we
considerthe tim e-averaged spectra ateach epoch in orderto param eterize the signicant
change in the observed continuum and between 1993 and 1995,and to param eterize the
Fe K em ission evidentduring both epochs. W e presenta m ore detailed analysisofthe
energy-dependent variability within each observation in x5 using both an X-ray color
analysisand tim e-resolved spectralanalysis.In x6 wereview ourndingsin thecontextof
the previousresultsfrom thisand sim ilarobjectsand briey discussthe prospectsin the
future,and in x7 presentourconclusions.
2. T H E O B SERVAT IO N S
The new ASCA observation ofNGC 3227 reported here was carried out over the
period 1995 M ay 15{16,wehavealso perform ed a re-analysisoftheASCA observation from
1993 M ay 08{09,described previously in Ptak etal(1994),Reynolds(1997),Nandra etal
(1997a,b),and G98. Here we utilize raw data from the Rev2 processing6,along with new
screening criteria and the latestcalibration les. These changesresultin slightly dierent
valuesforsom e param eterscom pared to the resultspublished previously. Detailson the
ASCA satellite,itsinstrum entation and perform ance can be found in M akishim a etal.
(1996)and referencestherein.
The ROSAT observation ofNGC 3227 reported here wasperform ed overthe period
1993 M ay 08-19 with the PSPC in thefocalplane.The resultsfrom thisobservation have
been reported previously by K97 and are included again here to enable usto com parethe
resultsto the contem poraneousASCA data. Ouranalysisdiersslightly from thatused
by K97 since we m ake use ofa dierentanalysispackage (FTOOLS)and include the latest
6hence raw data from the sam eprocessing con guration (6.4.2)isused forallthe datasets
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spatialand tem poralgain correctionsforthe data. Detailson the ROSAT satellite,its
instrum entation and perform ancecan befound in Brieletal.(1994)and referencestherein.
Thefullobserving log isgiven in Table1.
3. D ATA SC R EEN IN G & PR ELIM IN A RY A N A LY SIS
3.1. D ata Screening
Theunscreened ASCA eventlescontaining data collected in FAINT and BRIGHT data
m odeswere com bined,aswere data obtained during allthree telem etry m odes. These
data were then screened using the ascascreen/xselect script(v0.39)within the FTOOLS
package (v4.0). The screening criteria used were asgiven in Nandra etal(1997a),with
theexception thattheelevation angleabove theEarth’slim b was> 20 forthe SIS0 data
obtained in 1993,and thatthe CCD pixelthreshold was<50 and <100 forthe 1993 and
1995 data (respectively).Theoriginalpulse-heightassignm entforeach eventwasconverted
to a pulse-invariant(PI)scaleusing sispi (v1.1).In thecaseoftheGIS data (only)’hard
particle ares’were rejected using the so-called HO2 countrate,and standard ’rise-tim e’
rejection criteria em ployed. These criteria resulted in eective exposure tim esof 30 ks
and 39 ksin each SIS and GIS (respectively)during the 1993 observations,and  34 ks
and 37 ksduring the1995 observations.
Thecleaned ROSAT eventle,produced using thestandard screening criteria provided
by SASS (v7.9),wasextracted from the HEASARC archive. The latestcorrectionswere
then applied forthespatialand tem poralvariationsin thegain ofthePSPC (seeSnowden
etal1995)using pcsasscor (v1.1.0),pctcor (v1.1.0)and pcecor (v1.2.0). The eective
exposuream ounted to 19.5 ksspread overan 11 day period.
3.2. Im age Extraction
Im ageswere extracted foreach instrum entduring each observation. In allcases,a
brightsource wasdetected with an X-ray centroid consistentwith the opticalposition of
NGC 3227towithin theuncertainty in thepositionalaccuracy oftheattitudereconstruction
oftherespective satellite.
Ashasbeen previously noted by Radecke (1997),a num berofserendipitoussources
are evident within the central20 arcm in ofthe eld-of-view ofthe ROSAT PSPC.All
are relatively weak (with count rates in the 0.2{2.0 keV band a factor

< 3% ofthat
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from NGC 3227).Only one ofthe serendipitoussources(which we tentatively identify as
NGC 3226,with a countrate of 1:5 10 2 cts 1 in the 0.2{2.0 keV band)liesclose
enough to aecttheanalysisofthePSPC data from NGC 3227,and thishasbeen excluded
from theregionsused to extractthesourceand background data.No serendipitoussources
weredetected in theASCA im ages.Given theweaknessofNGC 3226 and allothersources
in theim m ediatevicinity,weconsideritunlikely they contam inatesignicantly theanalysis
oftheASCA data from NGC 3227.
Extraction cellsweredened forthesubsequenttem poraland spectralanalysis.In the
case ofthe ASCA SIS data,a circularextraction cellofradius 3:2 arcm in wascentered
on NGC 3227.In the case ofthe 1995 observations,the im age ofNGC 3227 wascentered
close to the standard position on thedefaultCCD chip ofeach SIS.The source region lies
com pletely within theactiveregion ofthechip,and from thepoint-spread function (psf)of
theXRT/SIS instrum ent,contains 84% ofthetotalsourcecounts.However,in the1993
observation allfourchipswereactiveon each SIS and NGC 3227wascentered on thedefault
CCD chip,butwithin  1:8 arcm in ofthe cornerofthe chip closestto the intersection
ofthe 2 2 CCD array. In principle,the data collected by all4 chipscan be com bined.
However,given the dierencesbetween the variousCCDscom prising each SIS detector,
here we choose to analyse only the photonsfalling on the nom inal,better-calibrated CCD
ofeach SIS.Thusthe extraction cellsused were circles,butexcluding allregionsbeyond
theactive area ofthe nom inalchip.From the psf,we estim ate these cellsincluded  61%
and  45% ofthetotalsourcecountsforSIS0 and SIS1 respectively.An extraction cellwas
dened to provide an estim ate ofthe background foreach SIS detectorwhich consisted of
thewholeofthenom inalCCD chip excluding a circularregion of 4:3 arcm in centered on
thesource.
For GIS data,the source region was circular ofradius  5:2 arcm in centered on
NGC 3227. Given the larger eld{of{view ofthe GIS instrum ent,such a region lies
com pletely on the detectoratboth epochs. From the psfofthe XRT/GIS instrum entthe
region contains 89% ofthetotalsource counts.An annulus,centered on the source and
covering  5:2{9.8 arcm in wasused to providean estim ateofthebackground.Given their
largereld{of{view,theseregionswerefully located on theactivearea oftheGIS detectors
during both observations.Alluxesand lum inosities7 quoted below (notcountrates)have
been corrected forthe fraction ofthe source photonsfalling outside the source extraction
cellsand forthecontam ination ofsourcecountsin thebackground extraction cells.
In the case ofthe ROSAT PSPC data,the source region was circular ofradius
7H 0 = 50 km s
  1 M pc  1 and q0 = 0:5 assum ed throughout.
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 2:3 arcm in and the background region an annuluscovering radii 2:3{4.1 arcm in,both
regionscentered on NGC 3227 (a circle,radius 0:7 arcm in centered on NGC 3226 was
excluded from both).From thepsfoftheXRT/PSPC instrum entthesourceregion contains
 98% ofthetotalsourcecounts.
3.3. B asic Tem poralA nalysis
Light curves were constructed for the source and background regions for several
dierentenergy ranges.To increasethesignal-to-noiseratio,thelightcurvesfrom SIS0 and
SIS1 and from GIS2 and GIS3 werecom bined and then rebinned on a variety oftim escales.
In Fig.1 weshow thelightcurvesfortheSIS (0.5{10 keV),GIS (2{10keV),and PSPC
(0.2-2.0 keV)with a bin size of128 s. Variability isapparentin the ASCA lightcurves
both within the individualobservationsand between the epochs. Although only  2:3 ks
ofthe ROSAT pointing were m ade during the 1993 ASCA observations,variability in the
PSPC countrate isapparentduring thisperiod and during the rem ainderofthe ROSAT
observation.ThefullPSPC lightcurveisshown by K97,and thedynam icrangeexhibited
by thePSPC countrateduring thewholeROSAT observation indicated by thedotted box
in Fig.1.
In Fig.2 weshow thelightcurvesfortheSIS using a bin sizeof512 susing thebands
XM 1:0.5{1.2 keV,XM 2:1.5{3.5 keV,and XM 3:4.0-10.0 keV (Netzer,Turner& George
1994).Thecountratedecreased in allthreebandsbetween the1993 and 1995 observations
with the am plitude increasing towards lower energies. Clearly the source underwent a
signicantchangein theshapeoftheobserved spectrum between thetwo epochs.
In Table 2 we listthe norm alized ’excess variance’,2rm s,ofeach ASCA lightcurve
using theprescription8 given in Nandra etal(1997a).Thevaluesof2rm s show statistically
signicantvariability (at> 95% condence)in the XM 1 and XM 2 bandsduring 1993 and
in the XM 2 band during 1995. There isan indication that
2
rm s decreasestowardshigher
energieswhen the whole ofthe 1993 datasetin considered,but(aswillbe discussed in
x5)2rm s isindependentofenergy when the’outburst’isexcluded.In the case ofthe1995
observations,2rm s issignicantly lowerin theXM 1 band indicating theprocessresponsible
forthevariability isnotstationary.W ealso notethat2rm s(XM 2)> 
2
rm s(XM 3)during the
1995 observations.
8W e note there is a typographicalerror in the expression for the error on 2
rm s
given in Nandra et al
(1997a)whereby theexpression within the sum m ation should be squared.
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3.4. SpectralA nalysis Technique
Source and background spectra were extracted from the cleaned event listofeach
detectorusing the extraction cellsdescribed in x3.2. Forthe SIS datasets,redistribution
m atricesgenerated using sisrmg (v0.8)were used.FortheGIS datasetstheredistribution
m atricesreleased on 1995M ar06 (generated by gisres v4.0)wereused.Ancillary response
leswere generated forallthe ASCA detectorsusing ascaarf (v2.72).In the case ofthe
PSPC data,thestandard responselepspcb_gain2_256.rsp wasused.
In allcasesdescribed below,the spectralanalysisisperform ed on the data from all
instrum entssim ultaneously,with dierentrelative norm alizationsto accountfor(sm all)
uncertaintiesin the determ ination oftheireective areas.(The correction forthe relative
fractions ofthe source counts falling outside the source regions is applied within the
ancillary response les.) Data from theSIS below 0.6 keV were excluded from thespectral
analysisasitiscom m only accepted thattherearesignicantuncertaintiesassociated with
the calibration ofthe XRT/SIS system below thisenergy. W hilstthe SIS calibration is
suspectatthese energies,we do m ake use ofthe factthatitisconsidered unlikely to be
in errorby

> 20% (see below). The individualspectra were grouped such asto contain a
m inim um of20 countspernew bin,and hence allowing 2 m inim ization techniquesto be
em ployed within theXSPEC (v10.00)spectralanalysispackage.
W e have adopted spectralm odelsconsisting ofan underlying power-law continuum
(ofphoton index  )absorbed by a screen ofneutralm aterialatzero redshift.In allcases
the colum n density ofthis m aterial,identied as being due to absorption within our
galaxy,wasxed atN
gal
H ;0 = 2:1 10
20 cm  2 asderived from 21 cm m easurem entstowards
NGC 3227 (M urphy etal. 1996;these authorsestim ate an uncertainty

< 1019 cm  2 ).
Allthe spectralm odelsalso contain additionalscreensofneutraland/orionized m aterial
fully-orpartially-covering the cylinder{of{sightto NGC 3227.W ith the sm allredshiftof
NGC 3227,ASCA isunable to distinguish absorption atz = 0 from thatatthe redshift
ofthe source. Nevertheless,here we assum e thatthese additionalscreensare instrinsic to
NGC 3227.
3.5. M odels ofthe Photoionized G as
M odelsincluding a photoionized absorberhave been suggested previously to oerthe
m ostviable explanation forfeaturesobserved in thisand otherSeyfert1 galaxies. The
photoionization code ION (version ION96) wasused to calculate the physicalstate ofa
slab ofgaswhen illum inated by an ionizing continuum (Netzer1993,1996). Asin G98,
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below 200 eV we assum e an illum inating continuum typicalofAGN ofthe lum inosity
ofNGC 3227 (the ’weak IR’case ofNetzer 1996),solar abundances and a density of
n = 1011 cm  3 . (M odelswith densitiesaslow as108 cm  3 give indistinguishable results.)
Atenergies>200 eV the ionizing continuum wasassum ed to be a powerlaw,and seriesof
m odelswere calculated assum ing dierentX-ray spectralindices.Following Netzer(1996)
and G98,the dim ensionless ’X-ray ionization param eter’,UX (dened in G98,eqn. 1),
isused to param eterize the intensity ofthe ionizing continuum in the 0.1{10 keV band.
The conversion factors between UX and ionization param eters dened over the entire
photoionizing continuum (>13.6 eV)forvariousspectralform scan befound in G98.
4. A N A LY SIS O F T H E T IM E-AV ER A G ED SPEC T R A
Despitethevariability exhibited by NGC 3227 atboth epochs(Figs.1 & 2),itisuseful
to rstconsiderthetim e-averaged spectra observed during each observation.Spectra were
therefore extracted using the extraction cellsdescribed in x3.2 forthe whole duration of
each observation. A strong em ission line ispresentin the spectrum ofNGC 3227 during
both observationsasa resultofiron K -shelluorescence. The best-tting param etersof
such a linearedependentupon theform oftheunderlying continuum ,which itselfishighly
correlated with theabsorption presentin thesoftX-ray band.Thusin x4.1 weexclude the
5{7 keV band (source fram e)from ouranalysisand concentrate rston the form ofthe
continuum and the natureoftheabsorber.The characteristicsoftheem ission lineand its
possible eecton the propertiesofthe continuum and absorption are then considered in
x4.2.
4.1. A nalysis excluding the Iron K -shellR egion
4.1.1. The 1993 Observations
W erstconsidera m odel(hereafterm odelA)in which a singlepowerlaw continuum is
absorbed by theGalacticcolum n density N
gal
H ;0 and an additionalscreen ofneutralm aterial
(N neuH ;z atz= 0:003).A statistically acceptabletforthe1993 ASCA data isobtained using
m odelA,with a 2{statistic,2 = 1200 for1126 degrees-of-freedom (dof)and best-tting
param eterslisted in Table3(Fit1).However,theextrapolation ofthism odelbelow 0.6keV
givesrise to an increase in the 2{statistic, 2
0:6 = 43 forN 0:6 = 12 additionaldata
points(hence 2
0:6=N 0:6 = 3:6),and a m ean data/m odelratio in the0.4{0.6 keV band of
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R 0:6 = 2:3.Thuswereject
9 m odelA asan adequatedescription ofthetim e-averaged ASCA
spectrum during 1993.Theinadeqacy ofm odelA in thesoftX-ray band isconrm ed by a
jointanalysisoftheASCA and ROSAT data (Table3,Fit2).From them ean data/m odel
ratiosplotted in the lowerpanelofFig.3a itcan be seen thatm odelA underpredictsthe
num berofcountsobserved

< 0:6 keV.
The excess ofcountscom pared to m odelA could be considered evidence foreither
a steepening ofthe continuum and/or an additionalem ission com ponent in the soft
X-ray spectrum ofNGC 3227. Indeed such com ponents(with 2 orm ore additionalfree
param eters)can beinvoked to im provethequality oftheextrapolation <0.6 keV.However,
superiortsalso can be obtained with one additionalfree param eter,UX ,the ionization
state ofthe gas instrinsic to NGC 3227. Hereafter we refer to this as m odelB.This
m odelgives2 = 1122 for1125 dofwhen applied to the 1993 ASCA data alone (Table 3,
Fit 4). Not only does m odelB provide a superior description ofthe ASCA data all
energies>0.6 keV,italso extrapolatesin an acceptablem annerto energies<0.6 keV (with
 2
0:6=N 0:6 = 1:7 and R 0:6 = 0:9). M odelB also oersan acceptable solution to a joint
analysisoftheASCA and ROSAT data (Table3,Fit5),although itdoesappearto slightly
overpredictthePSPC countrate.(Fig.3b).
A vastim provem ent isachieved in the goodness{of-tto the jointASCA{ROSAT
data ifa screen ofneutralm aterial(N neuH ;z ’ 3:6 10
20 cm  1 ) is added to m odelB
( 2 = 52).Hereafterthisisrefered toasm odelC.Thebest-ttingparam etersofthisjoint
ASCA{ROSAT analysis(Table3,Fit8)areconsistentwith thoseobtained from an anlysis
oftheASCA data alone(Table 3,Fit7),and areshown along with the m ean data/m odel
ratiosin Fig.3c.Ascan be seen from Fig.3cthere isa decitofPSPC countscom pared
to such a m odelin the0.4{0.6 keV band.No such decitisseen in theASCA data.Given
therem aining uncertaintiesin thecross-calibration ofthetwo satellitesand thatthesource
exhibitslarge-am plitudevariability on shorttim escales(coupled with only a sm allfraction
ofthe ROSAT data having been obtained during the ASCA observation),we consider
m odelC to provide a rem arkably good description ofthe overall,tim e-averaged spectrum
during the 1993 observations. The lum inosity ofthe underlying continuum (corrected for
allabsorption)overthe0.1{10 keV band isL0:1 10 = (1:65 0:08) 10
42 erg s 1 ,and that
9Asnoted in x3.4,thecalibration oftheXRT/SIS system below 0.6keV rem ainssom ewhatsuspect(hence
ourexclusion ofdata < 0.6 keV during ourspectralanalysis).However,itisunlikely thatthe uncertainties
areofan am plitudesu cienttoprovideaviableexplanation ofthevaluesof 2
0:6
= N 0:6 and R 0:6 obtained
here.W eadoptthecriteriaused in G 98wherebyweconsideram odeltoextrapolatetoSIS energies< 0.6keV
in an acceptable m anner ifeither  2
0:6
= N 0:6 < 2:0 or R 0:6 lies in the range 0:8  R 0:6  1:2. Recent
resultsfrom the cross-calibration ofthe ASCA SIS and BeppoSAX LECS instrum entshow such criteria to
be reasonable(O rretal1998).
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overthe0.5{2 keV band isL0:5 2 = (0:43 0:02) 10
42 erg s 1 .
4.1.2. The 1995 Observations
Neitherm odelA norB provide an acceptable description ofthe the tim e-averaged
ASCA spectrum obtained in 1995 (Table 3,Fits3 & 6).M odelC doesprovide a form ally
acceptable twith 2 = 1064 for1001 dof(Table 3,Fit9),butdoesnotextrapolate in
an acceptable m annerbelow 0.6 keV ( 2
0:6=N 0:6 = 2:1 and R 0:6 = 1:4)and givesrise
to system atic residualsin the data/m odelratios(Fig.3d). Nevertheless,itisclearfrom
theincreasesin N neuH ;z,N
ion
H ;z and UX thatNGC 3227 underwenta profound spectralchange
between 1993 and 1995.
From furtheranalysisofthisdataset,the sim plest acceptable m odelisifwe allow
som e fraction,D f,ofthe underlying continuum to escape withoutsuering attenuation
by the ionized m aterial,whilstthe rem ainder(1  D f)travelsthrough an ionized colum n
density N ionH ;z.W eassum e allthephotonsobserved also travelthrough additional,com plete
screensofneutralm aterial(N neuH ;z and N
gal
H ;0).Hereafterwe referto thism odelasm odelD.
M odelD providesan acceptabletto thedata with 2 = 983 for1000 dof(Table3,Fit12).
Furtherm orethism odelleadsto no notablesystem aticsin them ean data/m odelratio and
extrapolatesin an acceptable m anner<0.6 keV (Fig.3e).The currentdata only allow an
upperlim it(UX < 0:06)tobeplaced in theionization param eter.Forthebest-tting values
ofN ionH ;z and D f,constraintson lowervaluesofUX rely upon extrem ely subtlechangesin the
form ofthe observed spectrum in the 1{3 keV band,and the data are form ally consistent
with UX = 0 (i.e.neutralm aterial).Thelum inosity oftheunderlying continuum (corrected
forallabsorption)isL0:1 10 = (1:91 0:10) 10
42 erg s 1 ,overthe0.1{10 keV band,and
L0:5 2 = (0:48 0:03) 10
42 erg s 1 overthe0.5{2 keV band.
Forcom pleteness,Table3 also liststhebest-tting valueswhen m odelD isapplied to
the ASCA data (Fit10)and the jointASCA{ROSAT data (Fit11)obtained in 1993. In
neithercase do we nd a requirem entforpartial-covering ofthe ionized gas,although the
allowed rangein D f encom passesthatfound forthe1995 dataset.
4.2. A nalysis ofthe Iron K -shellR egion
Ascan beseen from Fig.3,thespectrum ofNGC 3227 containsan FeK  uorescence
line in the 5{7 keV band atboth epochs. W e have repeated the spectralanalysis(using
the ASCA data only)including the data within thisband. Only crude estim atesofthe
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lineintensity and prolearepossiblewith thecurrentdata dueto thesm allnum berofline
photonsdetected (sum m ing allfourdetectorsonly  300 Fe K  photonswere detected
during the1993observations,and  400photonsduring the1995observations).W eassum e
a continuum given by m odelC (x4.1)and have added spectralcom ponentsto m odelthe
Fe em ission. In allcaseswe include the Fe K  em ission with the sam e prole asthe K 
com ponent,butat0.113 itsintensity (e.g.Kikoin 1976).
4.2.1. Gaussian Line Proles
First we consider sim ple Gaussian line proles,with a centroid at a rest-fram e
energy E z(K )forthe K  com ponent,width ,and intensity I(K ). Such a m odel
providesan acceptable to tto the data atboth epochs,giving 2=dof = 1359=1399 and
2=dof = 1205=1261 forthe 1993 and 1995 observationsrespectively. In both casesthe
90% condencerange(forthethreeinteresting param etersassociated with theFeem ission)
forthe centroid energy is6:23

< E z(K )< 6:45 keV and consistent with allionization
statesfrom Fei(6.4 keV)to Fexviii.Thewidth ofthelineisconstrained to liein therange
0:0 

< 250eV (at90% condence).Theintensity ofFeem ission wassim ilarduring both
epochs(I(K )= 4:1+ 2:6 1:1  10
 5 photon cm  2 s 1 and 5:8+ 2:1 1:3  10
 5 photon cm  2 s 1 forthe
1993 and 1995 observationsrespectively). Asevidentfrom Fig.3,the observed continuum
at6.4 keV isalso sim ilar( 3 10 4 photon cm  2 s 1 keV  1 ),giving equivalentwidths
in therange100

< E W (K )

< 250 eV atboth epochs.The best-tting valueoftheother
param eters( ,N neuH ;z,N
ion
H ;z,UX and D f)wereconsistentwith thevaluesfound in x4.1.
W ehavealso included aspectralcom ponentto am odelany ’Com pton-reection’ofthe
underlyingcontinuum .Thereected continuum isaatspectralcom ponent(e.g.seeGeorge
& Fabian 1991).Given thesensitivity and bandpassofASCA and thesignal{to{noiseratio
oftheNGC 3227 data,such a com ponentisunlikely to beunam biguously detected butits
presence can aectthe observed continuum

> 6 keV.W eassum ing thisreecting m aterial
hasa planargeom etry,isneutral,subtendsa solid angle
R atthecontinuum source,and
isobserved face-on.Forsim plicity weonly includethecontinuum reected by such m aterial
(any uorescentFeem ission from thereectorwillparam eterized aspartoftheFeem ission
already included in ourm odel). The addition ofa reection com ponentdoesnotlead to
a signicant im provem ent ofthe goodness{of{t. Atboth epochsR = F (
 R=2)< 2
(at90% condence),where F isa scaling factorto accountforany enhancem entofthe
ux seen by the reectorcom pared to thatseen by the observer. Forcom parison to the
resultspresented in x5.2.1,wenotethatxing R = 1,theindex ofthe’prim ary’continuum
increases(by   ’ 0:1)to   ’ 1:70 and ’ 1:64 during the 1993 and 1995 observations
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(respectively). The best-tting valuesofthe otherparam eters(N neuH ;z,N
ion
H ;z,UX and D f)
wereconsistentwith thevaluesfound in x4.1
4.2.2. Relativistic Line Proles
W e considered so-called ’diskline’proles for the Fe em ission. Following the
param eterization ofFabian etal(1989),these prolesare generated assum ing a planar
geom etry where the inclination ofourcylinder{of{sightwith respectto the norm alto the
plane isgiven by i,and in which the line em issivity,q,isproportionalto radiusr q over
the range R i < r < R o,and zero elsewhere. Kinem atic and generalrelativistic eectsare
included assum ing the em itting m aterialisin Keplarian m otion around a Schwarzschild
black hole. As is com m on with ASCA data with this signal{to-noise ratio,we cannot
constrain allthe param etersofthediskline com ponentsim ultaneously so we have xed R i
attheinnerm oststableorbitofa Schwarzschild black hole(ie.R i= 6rg,whererg = GM =c
2
is the gravitationalradius ofa black hole ofm ass M ) and R o = 10
3rg. W e have also
restricted qto liein therange0 q 3 appropriateiftheFeem ission istheresultofX-ray
illum ination ofthedisk.
A diskline prole oers a superior description ofthe data (at > 99% condence
for the 1995 data using the F-test) com pared to the Gaussian proles discussed in
x4.2.1,with 2=dof = 1355=1398 and 1193=1259 for the 1993 and 1995 observations
respectively Atboth epochsthe best-tting value ofE z(K )’ 6:5 keV,butwith 90%
condence lim its (forthe fourinteresting param eters associated with the Fe em ission)
covering the range 6.4 keV (corresponding to Fei{xii) to 6.6 keV (corresponding to
Fexxiv). The index ofthe em issivity,q,could not be wellconstrained by the 1993
observations (0

< q

< 2:4),but was better determ ined by the 1995 observations
to lie in the range 1:9

< q

< 2:4). In both cases,the inclination was found to be
i

< 30 degrees at 90% condence. The intensity ofFe em ission assum ing such a
prole is I(K ) = 4:7+ 2:1 1:8  10
 5 photon cm  2 s 1 (100

< E W (K )

< 230 eV).and
9:0+ 3:1 2:9  10
 5 photon cm  2 s 1 (200

< E W (K )

< 400 eV).for the 1993 and 1995
observationsrespectively.
Again we nd no signicant im provem ent ofthe goodness{of{t at either epoch,
when a Com pton-reection com ponentisincluded in the m odel,with R

< 1:2 (at90%
condence)during both epochs.Again forcom parison oftheresultspresented in x5.2.1,we
nd thatxing R = 1,theindex ofthe’prim ary’continuum increasesto   ’ 1:70 atboth
epochs,whilstthebest-tting valuesoftheotherparam eters(N neuH ;z,N
ion
H ;z,UX and D f)were
consistentwith thevaluesfound in x4.1
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5. T IM E-R ESO LV ED A N A LY SIS
In x4 we found that adequate descriptions ofthe tim e-averaged spectra could be
obtained atboth epochs. Here,given the rapid variability ofthe source (Figs.1 & 2)
we investigate the variationswithin each observation in orderto explore the origin ofthe
variations. First,in x5.1 we presentan analysisofthe X-ray colors,and in x5.2 spectral
analysisofselected tem poralranges.
5.1. X -ray C olor A nalysis
In x3.3 itwasfound thatthe am plitude ofthe variability exhibited within the three
spectralbandsXM 1,XM 2 and XM 3 wasdierentboth within and between the 1993 and
1995 observations(Table 2).In Fig.4 we show the ratio ofthe XM 1 to XM 3 and XM 2 to
XM 3 countrates(hereafterreferred toastheXM 1/XM 3 and XM 2/XM 3 colors)asafunction
oftim e,along with the totalSIS countrate (from Fig 1)forreference. Asexpected from
Fig.2,both theXM 1/XM 3 and XM 2/XM 3 colorsarevariableduring the1993 observations
(at> 99% condence). Thisvariability appearscorrelated with the totalSIS countrate
in the sense thatthe source issofterwhen brighter(Fig.4).Signicantvariability isalso
exhibited in the XM 1/XM 3 (at 95% condence)and XM 2/XM 3 (at 99% condence)
bandsduring the 1995 observations,though clearly ofa loweram plitude than those seen
in 1993. Given the sm alleram plitude ofthe variation in the totalSIS countrate during
1995,itisunclearwhetherany correlation between the colorand intensity existsduring
thisepoch.
In Fig.5 we show these data on the XM 1/XM 3{XM 2/XM 3 plane. Also shown are
the predictions for various theoreticalspectra after being folded through the spectral
response ofthe XRT/SIS instrum ent. Assuggested by Netzeretal(1994),color{color
diagram softhistype can be usefulin com paring the colorvariationsobserved with those
predicted assum ing dierentscenarios. In both panelsofFig.5,the lled circle indicates
thelocation ofthebest-tting m odelforthetim e-averaged spectrum described in x4.The
two straight,solid linesshow the lociofsim ple powerlawsabsorbed only by a screen of
neutralm aterial. Line A isforthe case where the powerlaw isattenuated by a colum n
density ofN
gal
H ;0 = 2:1 10
20 cm  2 ,whilstlineB showstheeectwherean additionalscreen
ofneutralm aterialwith a colum n density N neuH ;z = 3:6 10
20 cm  2 (asfound from the
ASCA/ROSAT jointanalysisduring 1993)also attenuatesthe spectrum . Both linesare
shown from  = 1:0 (highestvalueofXM 1/XM 3)to  = 2:0 (lowestvalueofXM 1/XM 3).
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5.1.1. The 1993 observations
The sim plestscenario isthatthe spectralvariability arisessolely from changesin the
ionization stateofa singlescreen in response to changesin continuum ux.However,even
large changes in ux willgive only sm allchanges in the XM 1 count rate fora colum n
N ionH ;z  10
21 cm  2 ofionized m aterialin equilibrium (e.g. see Netzer etal1994). For
such a colum n (and    1:6)variationsin U X from 10
 3 to 10 (i.e. a factorof104 in the
intensity ofthe illum inating continuum )only change XM 1/XM 3 from  1:3 to  2:4 and
XM 2/XM 3 from  2:9 to  3:2.Ofcourse detailed predictionsofthebehaviourofthe gas
depend on whetherithasreached ionization equilibrium following a change in continuum
intensity. The tim escalesrequired to reach equilibrium willbe furtherdiscussed in x6.3.2.
Forsim plicity,in thefollowing weassum etheionized m aterialisin equilibrium .
Large changes in the XM 1/XM 3 and XM 2/XM 3 colors can be obtained through
variationsin N ionH ;z. In Fig.5a),line C showsthe locusofvariationsin N
ion
H ;z (only)from
N ionH ;z = 0 (where line C intersectsline B)to N
ion
H ;z  20 10
21 cm  2 . The dotted region
m arked D delineatesthe area on the color{colordiagram in which both N ionH ;z and UX are
allowed to vary by a factor0.25{4 from the m ean value. Clearly variationsofreasonable
am plitude in neither N ionH ;z alone,norN
ion
H ;z and UX can be the sole explanation ofthe
observed variability.
The parallelogram m arked E in Fig.5a) delineates the region on the color{color
diagram covering a factor0.25{4 from the m ean value ofUX and spectralindex in the
range 1:3     2:0,with N ionH ;z xed at the m ean value. The observed colors are in
m uch betteragreem entwith thisregion.Thuswe suggestthatthe dom inantcause ofthe
variationsin theXM 1/XM 3 and XM 2/XM 3 colorsobserved during 1993 isvariationsin the
underlying spectralindex. Asevidentfrom Fig.4,the XM 1/XM 3 and XM 2/XM 3 colors
are both highestduring the tem poralrange 1993(t3)suggesting the largestvariation in
the underlying spectralindex occurred during thisperiod. Indeed asfound in x3.3,the
excessvariance(2rm s)isa strong function ofenergy when allthedata from thisepoch are
considered,with 2rm s(XM 1)/
2
rm s(XM 3)’ 5:6 2:7 (Table 2).W hen the tem poralrange
1993(t3)isexcluded from theanalysis,however,2rm s isconsistentwith being independent
ofenergy (2rm s(XM 1)/
2
rm s(XM 3)’ 1:0 0:7. The behaviorofthe source istherefore
consistentwith a steepening ofthecontinuum during the ’outburst’during 1993(t3).This
isdiscussed furtherin x5.2.
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5.1.2. The 1995 observations
Fortheparam eter-spaceindicated by thebest-tting m odel,theionized absorberonly
hasa signicanteecton theXM 2 band (theXM 3 band isdom inated by the transm itted
continuum ,whilsttheXM 1 band isdom inated by theunattenuated continuum ,seeFig.3d.
Only changesin N ionH ;z by an orderofm agnitudewillhavea signicanteecton theobserved
X-ray colors. Sim ilarly,the X-ray colorsare insensitive to UX fora constantabsorbing
colum n density ofN ionH ;z  3 10
21 cm  2 . On the otherhand,the X-ray colorsare very
sensitive to the spectralindex ofthe underlying continuum ( )and the fraction ofthis
continuum allowed to escapewithoutattenuation (D f).
In Fig.5b),curve F showsthelocusofvariationsin D f (only)from D f = 1:0 (where
curveF intersectslineA)to D f = 0:03.Theregion G delineatesthearea on thecolor{color
diagram covering a factor0.5{2 from them ean valueofD f and spectralindex in therange
1:1     1:7,with N ionH ;z and UX xed attheirm ean values. The observed colorsare in
good agreem entwith thisregion. Thuswe suggestthatthe m ajorcause ofthe variations
in the XM 1/XM 3 and XM 2/XM 3 colorsobserved during 1995 is,again,variationsin the
underlying spectralindex,possibly accom panied by relatively sm allvariationsin D f.
5.2. SpectralA nalysis
Given theevidence forvariability in theslopeoftheunderlying continuum found from
the color{coloranalysisin x5.1,here we reportthe resultsfrom the spectralanalysisof
selected tem poralranges.Thisallowsustotesttheresultsfrom thecolor{coloranalysisand
investigate a num berofim plications. The tem poralrangesare denoted by 1993(t1){(t4),
1995(t5){(t8),and are shown in Fig.4.Asin x4.1,we initially exclude the 5{7 keV band
from thisanalysisto avoid theeectsoftheFeK -shellem ission.
In Table 4 we listthe resultsassum ing ourbest-tting generalized m odelfound in
x4.1. Thism odelconsistsofan underlying powerlaw absorbed by two screensofneutral
m aterial(N G alH ;0 and N
neu
H ;z)and a screen ofionized m aterial(N
ion
H ;z and UX ),with a fraction
D f ofthe continuum escaping within suering attenuation by N
ion
H ;z. Thism odelprovides
an acceptable description ofallthetim e-resolved spectraldatasets,and extrapolatesin an
acceptable m anner<0.6 keV.The contoursofthe 90% condence regionsprojected onto
theN ionH ;z{UX and N
ion
H ;z{  planesareshown in Fig 6.Despitethelargeuncertaintiesarising
asa resultofthereduced signal{to{noiseratio in thetim e-resolved spectra,thetwo epochs
areclearly distinctin thisthree-dim ensionalm odelspace.From both Table4 and Fig 6 it
can beseen thatthisseparation isprim arily the resultofan increase in colum n density of
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theabsorbing m aterialby approxim ately an orderofm agnitude(from N ionH ;z  3 10
21 cm  2
to  30 1021 cm  2 )between thethe1993and 1995observations.From theN ionH ;z{UX plane
(Fig 6a)itcan be seen thatthe datasetsforboth epochsare consistentwith the values
derived from the analysisoftheirrespective tim e-averaged spectra (lled circles),and all
areconsistentwith an ionization param eterin the range0:006

< UX < 0:06.However,on
theprojection onto theN ionH ;z{  plane(Fig 6b),the1993(t3)datasetisinconsistentwith two
oftheotherdatasetsobtained during thatepoch.During thetem poralperiod 1993(t3)the
observed spectralindex issteeper( 0.1{0.2)than thatderived from theanalysisofthe
tim e-averaged spectrum during thisepoch.
5.2.1. The EectsofExcluding the 1993(t3)Data
W e have repeated the spectralanalysisofthe ASCA data obtained during 1993,but
excluding the data obtained during the tem poralperiod 1993(t3).W e nd an acceptable
t(2=dof = 999=998)with an underlying spectralindex   = 1:60+ 0:08 0:05 ,absorption due
to neutralm aterialofcolum n density N neuH ;z = (1:1
+ 0:7
 1:1 ) 10
21 cm  2 ,plusabsorption by
ionized m aterialwith param eters(N ionH ;z = (4:3
+ 3:7
 0:9 ) 10
21 cm  2 ,UX = 0:05
+ 0:06
 0:06 )consistent
with thoseobtained from ouranalysisofthetim e-averaged spectrum atthisepoch (x4.1.1).
The constraints on any unattenuated continuum provided by these data is D f < 30%
(at90% condence). The location ofthe best-tting m odelon the N ionH ;z{UX and N
ion
H ;z{ 
planesare shown by the open circlesin Fig 6.In Fig.7 we com pare the 1993(t3)data to
thism odel. The spectrum obtained during the 1993(t3)brightening isindeed consistent
with a steepening in the observed spectralindex,pivoting around 10 keV.Returning
the 5{7 keV band to the analysis and assum ing a diskline prole for the Fe em ission
(x4.2.2),we nd an acceptable t(2=dof = 1190=1204)when the intensity ofthe K 
line I(K )= (5:1+ 2:4 1:8 ) 10
 5 photon cm  2 s 1 (E W (K )= 170+ 80 60 eV)and  = 2:0
+ 0:5
 0:7 .
The upperlim itson the energy and inclination ofthe putative disk are E z < 6:59 keV
and i

< 45 degrees(at90% condence,respectively). The best-tting valuesofthe other
param eters(N neuH ;z,N
ion
H ;z,UX and D f)wereconsistentwith thevaluesfound above.
The detection ofa steepening ofthe spectralindex ofthe underlying continuum in
an AGN,on a tim escale  104 sand a pivotat10 keV,m ay be highly pertinentto our
understanding ofthem echanism giving riseto the’prim ary’X-ray continuum (x6.1).Since
such a steepening isinferred from a com parison between thedata obtained during 1993(t3)
and those obtained during the rem aining tem poralperiodsofthe 1993 observations,it
isim portant to investigate whether we m ight be being m isled. Given the bandpass of
ASCA and the signal{to{noise ratio ofthe 1993 data,the delusory eectm ostlikely is
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Com pton Reection ofthe the prim ary continuum . Asstated above,the lack ofeective
area

> 10 keV m akes the am plitude ofsuch a com ponent dicult to constrain with
ASCA with thissignal{to{noise ratio. W e nd thatthe inclusion ofa Com pton-reected
continuum (with theinclination ofreectorequalto thatin theFeK  em ission line)oers
no signicantim provem entto the’quiescent’spectrum observed during 1993 (i.e.excluding
1993(t3)),with an upperlim itofR  1:6 (at90% condence).Fixing R = 1,however,the
index ofthe underlying powerlaw to steepen to   ’ 1:71 (and the best-tting value ofall
otherparam etersconsistentwith those found when R = 0).A sim ilarspectralindex was
found from a sim ilaranalysisofthe tim e-averaged spectra atboth epochsin x4.2. M ore
signicantly however,with R = 1,the spectralindex isconsistentwith thatobtained for
the 1993(t3)datasetalone (  ’ 1:73,Table 4). W e conclude thatwe are unable to m ake
any denitive statem entsregarding variationsin the’prim ary’X-ray continuum with these
data dueto uncertaintiesin theam plitudeofany Com pton-reection.
6. D ISC U SSIO N
TheASCA observationsperform ed in 1993and 1995revealNGC 3227tohaveexhibited
signicantspectralvariability both within the1993observation and between thetwoepochs.
Detailed analysisofthe data obtained during ’quiescent’periodsofthe 1993 observation
show the spectrum can be adequately described by a powerlaw continuum (with   1.6).
Im printed on thiscontinuum areabsorption featuresdueto ionized gas(with an equivalent
hydrogen colum n density N neuH ;z ’ 3 10
21 cm  2 and X-ray ionization param eterUX ’ 0:01)
and Fe K -shellem ission (with E W (K )’ 170 eV).The observed continuum steepened
(to   ’ 1:7)during the ’are’com prising the tem poralperiod 1993(t3). Unfortunately
the data do notallow usto determ ine whether thisrepresents a true steepening ofthe
underlying continuum ,orwhethertheindex observed during thequiescentperiodsisatter
dueto thepresenceofa Com pton-reector.From a jointanalysisoftheASCA and ROSAT
PSPC data atthisepoch we also nd evidence foran additionalscreen ofneutralm aterial
with N neuH ;z ’ 4 10
20 cm  2 .The spectrum atenergies

> 3 keV observed during the 1995
observations is identicalto that observed in 1993. The spectrum at lower energies is,
however,dram atically dierentand consistentwith ’ 90% ofthe underlying continuum
suering attenuation by m aterialwith N ionH ;z ’ 3 10
22 cm  2 whilsttherem aining fraction
ofthecontinuum isabsorbed by neutralm aterialwith N neuH ;z < 10
21 cm  2 .
In this section we review these ndings in m ore detail,com pare them to previous
resultsand briey discusstheprospectsin thefuture.
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6.1. T he U nderlying C ontinuum
The slope ofthe observed continuum in NGC 3227 (  1.5{1.7)isatterthan that
seen in them ajority ofSeyfertgalaxies(   1:9;Nandra & Pounds1994),consistentwith
thendingsofm ostpreviousm easurem entsofthissource(Turner& Pounds1989;Turner
etal1991;W eaver,Arnaud & M ushotzky 1995).Furtherm ore,during thetem poralperiod
1993(t3)wefound clearevidence thattheobserved continuum steepened (by    0:1,on
a tim escale few104 s)asthe source brightened (by L 0:1 10  40% ).Ifthissteepening
in theobserved continuum isin factdueto a steepening in the’prim ary’X-ray continuum ,
then itisofrelevance to ourunderstanding ofthegeneration oftheX-ray continuum .The
m ostpopularm odelforthe production ofthe underlying continuum in the X-ray band in
Seyfertgalaxiesisthatitproduced by theCom pton upscattering oflowerenergy photons.
The electrons(and possibly positrons)responsible forthisupscattering could be within
eithera highly relativistic,nontherm alplasm a (e.g. Svensson 1994)orm ildly relativistic,
therm alplasm a (e.g.Sunyaev & Titarchuck 1980;Ghisellini& Haardt1994).Given CGRO
observationsofa break in thespectra ofsom eSeyfertgalaxiesin the 50{300 keV regim e
(e.g.Johnson etal1993),attention hasshifted recently back to therm al(orquasi-therm al)
m odels(Svensson 1996 and referencestherein).Severalgeom etrieshave been proposed for
theUV and Com pton scattering regions,with a popularconguration having an accretion
disk em itthe UV seed photons,and a fraction ofthese photonsare up-scattered into the
X-ray band in a (possibly patchy)corona above the disk (e.g. Stern etal1995;Haardt,
M araschi,Ghisellini1997). Interestingly,as discussed by Haardt,M araschi,Ghisellini
(1997),a pivoting ofthe spectrum at 10 keV accom panying relatively sm allchanges
in the X-ray lum inosity (factor<2)ispredicted by m odelsin which the opticaldepth to
e -pairproduction is

< 0:1 and weakly coupled to thecoronallum inosity.
W hilst we nd no statisticalrequirem ent for a Com pton-reection com ponent in
NGC 3227,thepossiblepresenceofsuch a com ponentcannotbeexcluded,with R

< 1:2 at
90% condence (x4.2.2).PreviousGinga observationsnd R ’ 1 0:5 (Nandra & Pounds
1994),and thestrength oftheFeK -shellem ission (E W (K )100{250 eV,x4.2)provides
circum stantialevidence forR

>0.5 (e.g.George& Fabian 1991).Prelim inary resultsfrom
a recent RXTE observation suggesta relatively weak Com pton-reection com ponentin
NGC 3227 (Ptak etal1998).
Finally we note thatwhateverthe cause ofthe spectralvariability observed during
1993(t3),when thesedata areexcluded from theanalysisthesourcestillexhibitsrelatively
largevaluesoftheexcessvariance2rm s  0:03 overthefull0.5{10 keV SIS band (Table2).
Nandra etal(1997a)have shown 2rm s to beinversely correlated with X-ray lum inosity for
a sam ple ofSeyfert1 galaxies(including the 1993 data from NGC 3227). Asshown in
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Yaqoob etal(1997),the correlation between 2rm s and X-ray lum inosity rem ainswhen the
lowervalueof2rm s found forthe1995 observation ofNGC 3227 isincluded.
6.2. T he N eutral-absorber
In allthem odelspresented herewehaveassum ed theobserved spectrum isattenuated
by screen ofneutralm aterialatz = 0 (com pletely covering the cylinder{of{sight)with a
colum n density N
gal
H ;0 = 2:1 10
20 cm  2 .Thisscreen isadopted to m odelabsorption within
ourgalaxy,with N
gal
H ;0 xed atthevaluederived from 21cm m easurem entstowardsNGC 3227
(M urphy etal.1996).HowevertheanalysisofthejointASCA/ROSAT datasetsfrom 1993
(x4.1.1)im pliesan additionalscreen ofneutralm aterial(N neuH ;z ’ (4 1) 10
20 cm  2 )which
we assum e isintrinsic to NGC 3227. The 1995 observationsare also consistentwith the
presence ofsuch a screen.
From observations carried out in 1988 using a beam ofFW HM  13 arcsec (i.e.
probing a region  3 103 light-yearsacrosswithin NGC 3227),M undelletal(1995a)
found evidenceforHiabsorption atthesystem icredshiftofNGC 3227,im plying an average
colum n density N H IH ;z  6 10
20 cm  2 towardsthenucleus.M orerecentobservations,taken
with an angularresolution a factor 3 higher,im ply N H IH ;z ’ (11 1) 10
20 cm  2 (M undell,
privatecom m unication).Interestingly,M eixneretal(1990)detected elongated CO em ission
straddling the nucleus. Asnoted by M undelletal(1995a)thisem ission m ay represent
the structure thatisresponsible forcollim ating the ultravioletradiation giving rise to the
anisotropic [Oiii] em ission observed by M undelletal(1995b). OurASCA observations
im ply thatthe colum n density ofneutralm aterialwithin the narrow cylinder{of{sightto
thecentralX-ray source (with a diam eter

< 104 light-seconds)isa factor2 sm allerthan
them ean valueofN H IH ;z on scale-sizesa factor 10
6 larger.
W e postpone the discussion ofthe large addition colum n density observed during the
1995 observations(which asnoted in x4.1.2 isform ally consistentwith neutralm aterial)
untilx6.4
6.3. T he Ionized-absorber
The 1993 data provide evidence forabsorption by a screen ofionized m aterialwith
colum n density N ionH ;z ’ 3 10
21 cm  2 and an X-ray ionization param eter UX  0:01.
Absorption by ionized m aterialisbelieved to be a com m on feature in the X-ray spectra
ofSeyfertgalaxies(Reynolds1997;G98)and these valuesofN ionH ;z and UX aresom e ofthe
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lowestyetobserved. G98 found a range 1021

< N ionH ;z < 10
23 cm  2 and 0:01

< UX < 0:1
forionized absorbersin a sam ple ofSeyfert1 galaxies. NGC 3227 hasa relatively low
X-ray lum inosity ( 1042 erg s 1 in the 2{10 keV band)com pared to otherSeyfert1sin
thatsam ple( 1043{1045 erg s 1 ),and thism ay aectconditionsin theabsorber.Also,as
noted in x1,theopticaldepthsofOviiand Oviiiare

< 0:05 forN ionH ;z < 10
21 cm  2 m aking
itdicultto detectwith thesignal-to-noiseratio ofm ostASCA observations.
The colum n density appeared to increase between 1993 and 1995,consistentwith a
cloud m oving into the cylinder{of{sight. Asdiscussed in x4.1.2,the ASCA data are only
abletoconstrain theionization param etertobeUX < 0:06duringthisepoch (i.e.consistent
with neutralm aterial). However,the 1993 data clearly show evidence thatthe absorber
isionized and in the contextofthism odelthe appearance ofsuch a cloud increased the
colum n ofionized m aterialby an orderofm agnitude.These resultsareconsistentwith the
suggestion ofTurner& Pounds(1989)thatthedierentialvariability between thesoftand
m edium X-ray bandsseen in theEXOSAT observationsofNGC 3227 ism ostlikely dueto
variationsin theabsorbing colum n.Ginga observationsrevealed evidence foran FeK -shell
absorption edge,with a depth corresponding to N ionH ;z few10
22 cm  2 (Nandra & Pounds
1994). The currentASCA data do notallow any m eaningfulconstraintsto be placed on
such a feature.
6.3.1. A Dusty warm -absorber?
Dustisclearly presentatsom e locationswithin the hostgalaxy,asrevealed by the
detection ofm olecularem ission and absorption features(seex1)and im plied by two therm al
com ponentsobserved in the10{300m band (RodriguezEspinosa etal1996).In com m on
with m any otherSeyfertgalaxies,the com ponentdom inating the 10{30m band (with
a tem perature 160 K)islikely to arise asa resultofthe heating ofdustby radiation
sources

< 10 kpc from the nucleus(e.g. Rodriguez Espinosa & Perez Garcia 1997).Both
theactivenucleusand em ission from any starburstactivity providesuch radiation sources.
The question here iswhetherany dustexistswithin the im m ediate circum nuclearregions
(

< 10 pc)and,ifso,whetheritisin any way related to theionized absorber.
Asreviewed by K97,there are a num ber ofindicatorswhich can be used to probe
the circum nuclear environm ent ofNGC 3227. First,the underlying continuum in the
opticaland UV bandsisunusually red com pared to otherSeyfertgalaxies(W inge etal
1995). Using the ratio ofthe observed uxesat125 nm and 220 nm (restfram e,which
arerelatively freeofline em ission)and a standard Galacticcom position forthedust,G98
found a colum n density  5 1021 cm  2 broughtthe intrinsic ux ratio into agreem ent
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with thatobserved in m ostotherunobscured Seyfertgalaxies. M aking slightly dierent
assum ptionsK97 obtained a sim ilarresult. Second,from the observed ratio ofthe broad
H and H linesand assum ing a Galactic dust/gasm assratio,K97 calculate an eective
hydrogen colum n density to thebroad em ission lineregion of 3 1021 cm  2 .Asnoted by
Netzer(1990)theuseofsuch lineratiosin thisway ispotentially m isleading astheintrinsic
Balm erdecrem entisuncertain. Nevertheless,we note thatthe im plied colum n density is
sim ilarto thatrequired to produce the observed reddening ofthe optical/UV continuum .
Thusitseem slikely thatthe sam e (dusty)m aterialisresponsible forthese observational
characteristics. The m aterialm ust lie at a radius larger than ofthe BELR (10{20
light-days,Salam anca etal1994;W ingeetal1995)both in orderto giveriseto a depressed
ratio ofthe intensity ofbroad H and H lines,and since dustisunable to survive for
long in theintense radiation eld ofthecentralsourceatsm allerradii(e.g.Laor& Draine
1993).Interestingly thecolum n density im plied from such argum ents(few1021 cm  2 )is
very sim ilarto thatoftheionized absorberim plied by theROSAT observations(K97)and
thatderived from theASCA observationsin 1993 (above;G98).Itseem sunlikely thatthis
ispurely coincidental.Assuggested by K97 and G98,itism oreplausiblethata substantial
fraction oftheionized gasin NGC 3227 containsem bedded dust,thusplacing theionized
absorberoutsidetheBELR.
Dusty ionized absorbers have also been suggested in the infrared-bright quasar
IRAS 133349+2438 (Brandt,Fabian & Pounds 1996) and the Seyfert M CG{6-30-15
(Reynolds& Fabian 1995;G98).Aspointed outin K97,thepresence ofdustcan give rise
to dierentm odelspectra,prim arily asa resultofthe dierentdepletion ofthe various
elem entsin thegas-phase.W ehave notattem pted a detailed treatm entofsuch caseshere
asm ostofthedierencesoccuratenergiesbelow theASCA bandpass.Ifthedustissim ilar
to thatobserved within the interstellar m edium ofthe Galaxy,the com position ofthe
gas-phasewillbedepleted in C and O by factorof 0:4 and  0:6 (respectively)com pared
to "cosm ic com position",and N and Ne suering no signicantdepletion (e.g. Cowie &
Songaila 1986). Ascan be from Fig.3,the m ain featuresim printed on the underlying
continuum in theASCA bandpassby theionized absorberaredueto Oviiand Oviii.Thus
ifthereisindeed em bedded dust,and thusO isdepleted in thegas-phase,onem ightexpect
the values ofN ionH ;z derived above to have been underestim ated by a factor 1:7. The
dierentialdepletion ofthe variouselem entsgivesrise to a subtle changesin the form of
thespectrum acrossthe0.6{1 keV band.Given theinterplay between N ionH ;z and UX during
thespectraltting ofASCA data,theeectofincluding dustism orelikely to increasethe
best-tting valueofUX (by a factor 3 com pared to dust-free m odels)ratherthan N
ion
H ;z.
Future observationswith the grating-spectrom etersonboard AXAF and XM M willallow
a directcom parison between the depthsofthe edgesfrom the highly-ionized,gas-phase
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ionsand those oftheneutral,dust-phase species.Such observationswilltherefore provide
stringentconstraintson any dustem bedded within theionized gas.
6.3.2. ConstraintsforPhotoionization Equilibrium
In theabsenceofothersourcesofheatingand cooling,thegaswillbein photoionization
equilibrium ifthe photoionization and recom bination tim escalesofthe dom inantspecies
(tion and trec respectively)areshorterthan thetim escale(tvar)forlarge-am plitudevariations
in the intensity ofthe illum inating continuum . To rstordertion ’ N H ;z=UX nc s. Thus
substituting them ean valuesderived from the1993 observations(N ionH ;z = 3 10
21 cm  2 and
UX = 0:01),wehave tion ’ 10
13n 1 s.Therecom bination tim eofOviiiislongerthan that
forOviiand given by trec(Oviii)’ 3 10
8T0:5n 1 sfora gasatan equilibrium tem perature
T (e.g. Verner& Ferland 1996). Thusforplausible valuesofT ( 105 K),tion ism ore
im portantthan trec(Oviii)when determ ining whether ornotm aterialillum inated by a
variable ionizing continuum willbe in equilibrium . Thusthe m aterialwillbe equilibrium
(tvar > tion)when n > 10
13t 1var cm
 3 . Unfortunately the assignm ent ofan appropriate
valuefortvar isproblem aticsincelittleisknow aboutthedetailed variability characteristics
ofNGC 3227 in the X-ray band and,asa class,Seyfert1 galaxiesappearto exhibit a
’red-noise’power-density spectrum (e.g.Lawrence & Papadakis1993;Green,M cHardy &
Lehto1993,and referencestherein).Howeverforillustration,hereweassum etvar = 2 10
4 s
(the approxim ate tim escale in which factor2 changesin ux are observed during the
tem poralperiod 1993(t3)in Fig.1),leading to the requirem entthatn

> 5 108 cm  3 for
the ionized absorberto be in equilibrium . Such a density isconsistentwith thatassum ed
in our ION m odels for the ionized m aterial. From the denition ofUX and assum ing
L0:1 10 = 1:6 10
42 erg s 1 ,such valuesofn requirer

< 10 light-days.Thus,iftheionized
absorbercontainsem bedded dust(assuggested in x6.3.1)itm ustbeata largerradiusand
hence willnotbe in perfectequilibrium forsom e tim e afterthe tem poralperiod 1993(t3).
Unfortunately,however,itisim possible to quantify justhow faroutofequilibrium the
ionized m aterialm ay havebecom e,orthetim etaken forequilibrium toberestored,without
a detailed knowledge ofthe ionized m aterial,and a com plete knowledge ofthe variations
in theionizing continuum both beforetem poralperiod 1993(t1)and aftertem poralperiod
1993(t4).
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6.4. T he Variable A bsorption
In x4.1 we found the absorbing colum n density to have increased by a factor 10
(from N ionH ;z  3 10
21 cm  2 to  30 1021 cm  2 )between the1993 and 1995 observations.
Asnoted in x4.1.2 the ASCA data do notallow usto place stringentconstraintson the
ionization state ofthe m aterialduring the latterepoch,with value ofUX = 0 (neutral
m aterial)to UX  0:06 (highly ionized)being consistentwith theobservations.W esuggest
thatthem ostlikely explanation isthatacloud ofm aterialm oved intothecylinder{of{sight.
Thelocation and kinem aticsofsuch a cloud clearly cannotbedeterm ined with thecurrent
data. However within som e radius Keplarian m otion (alone)is able to m ove m aterial
com pletely through the cylinder{of{sight (ofdiam eter equalto the size ofthe X-ray
em itting region)in the 2 yearsbetween the observations. The X-ray em itting region in
NGC 3227 can be estim ated to be 104 light-secondsacrossfrom the variability behaviour
observed during 1993.From G98,theducialradiusisrld < 20(fbolX=fEdd)LX 42 light-days,
where fbolXLX 42  10
42 erg s 1 isthe bolom etric lum inosity and fEdd isthe fraction of
the Eddington lum inosity atwhich the object is em itting. Thus,forNGC 3227 (with
LX 42  1)and assum ing fbolX=fEdd  few,itisfeasible thattranverse m otion ofa cloud
within theinnerregionsoftheAGN responsibleforthechangein colum n density.Itwould
beinteresting to seewhetherany oftheotherreddening indicatorsin NGC 3227 vary on a
tim escaleofyears,especially thereddening towardstheBELR.
6.5. T he U nattenuated C om ponent
During the 1995 observations we found spectroscopic evidence for  13% ofthe
observed continuum to beunattenuated by theabsorberwith N ionH ;z ’ 30 10
21 cm  2 .Such
a m odelisconsistentwith both the case where only a fraction ofthe cylinder{of{sightto
NGC 3227 iscovered by theabsorbing m aterial(say in theform ofclouds),and to thecase
wherethewholecylinder{of{sightiscovered by them aterialbutin which a fraction ofthe
continuum escapesby anotherlight-path.W econsiderboth explanationsequally plausible.
Thelatter,however,raisesthequestion astothelocation and conditionswithin them aterial
responsible forscattering the unattenuated com ponentback into ourcylinder{of{sight.
Sincewend no evidenceforany strong em ission orabsorption featuresin thespectrum at
energies

< 1 keV,them aterialm ustbehighly ionized.In particularweseeno evidence for
any em ission linesdueto theH-likeand He-likespeciesoftheabundantelem entswhich are
com m only seen in thescattered X-ray spectra ofSeyfert2 galaxies(e.g.Turneretal1997),
with upperlim its 30 eV at90% condence. Unfortunately any variationsin the XM 1
and XM 3 bandsduring the 1995 observations(which are dom inated by the scattered and
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’transm itted’com ponentsrespectively underthishypothesis)are ofinsucientam plitude
to oerany insightinto thelocation ofthem aterialresponsible forscattering.
Finally,we note thatthe X-ray spectrum ofNGC 3227 during thisepoch israther
sim ilarto thatofNGC 4151 (W eaveretal1994a,b;G98),although the lattersource has
D f  5% and a som ewhatlargervalueofN
ion
H ;z atm ostepochs.
6.6. T he Fe R egim e
Ourdata conrm the presence ofFe K -shellem ission within NGC 3227,with an
equivalent width 100{300 eV.W e nd evidence thatthe em ission line isbroad,m ost
likely with an asym m etricprole.Thusourndingsconrm thesuggestion from theearlier
Ginga observations(e.g. George,Nandra & Fabian 1990),and show thatthe Fe K -shell
em ission within NGC 3227 isfairly typicalofotherSeyfert1 galaxies(e.g. Nandra etal
1997b,and referenceswithin)and som e Seyfert2 galaxies(Turneretal1998).W end no
com pelling evidence thatthe Feem ission varied in eithershapeorequivalentwidth either
within the individualobservationsorbetween the 1993 and 1995 epochs.Thuswe nd no
evidence forsignicantchangesin thedistribution ofFeem issivity.
7. C O N C LU SIO N S
ASCA observationsofNGC 3227 perform ed during 1993 and 1995 show evidence for
m arked spectralvariability both within and between the observations. The source shows
evidence fora colum n N ionH ;z ’ 3 10
21 cm  2 ofionized m aterialwith an X-ray ionization
param eter UX ’ 0:01 during 1993,increasing by an order ofm agnitude by the 1995
epoch.The slope ofthecontinuum steepened by   ’ 0:1 during a are within the 1993
observation.However,thedata do notallow usto distinguish between a steepening ofthe
’prim ary’continuum ,ora changein therelativestrengthsofthepower-law and a putative
Com pton-reection com ponent.
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Fig.1.| LightcurvesfortheobservationsofNGC 3227reportedhere,em ployingabinsizeof
128s.Theuppertwo panelsshow thesum m ed lightcurvesobtained forASCA SIS and GIS
detectors,whilstthelowerpanelshowstheportion oftheROSAT PSPC lightcurveobtained
during the 1993 ASCA observations(there were no ROSAT observationscontem poraneous
with the 1995 ASCA observations). The SIS count rate obtained during 1993 has been
rescaled in orderto com pensateforthesm allerextraction cellused and henceto bedirectly
com parable to the 1995 data. The UTC tim escorresponding to the rstSIS data pointat
each epoch are1993 M ay 08 03:46 and 1995 M ay 15 01:49.In allcases,they-axisisscaled
to covera factorof0.1 to 2.5 ofthe m ean ofthe 1993 lightcurve. Signicantvariability is
clearly apparent in the observed count rates both within the individualobservations,and
between the 1993 and 1995 epochs. The dotted box in the lower panelshows the total
dynam icrangeobserved in thePSPC countrateovertheperiod M ay 08{19.
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Fig. 2.| Lightcurves forNGC 3227 in 0.5{1.2 keV (XM 1),1.5{3.5 keV (XM 2),and 4.0-
10.0keV (XM 3)energybandsoftheSIS em ployingabin sizeof512s.In allcasesthey-axisis
logarithm ic,and isscaled tocoverafactorof0.2to7.0ofthem ean.Signicantvariability is
apparentboth within theindividualobservations,and (especially atlowerenergies)between
the1993 and 1995 epochs.
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Caption forFig.3.
The resultsfrom theanalysisofthetim e-averaged spectra ofthe1993 (plotsa,b & c)and
1995 (plotsd & e)ASCA observationsofNGC 3227,excluding the Fe K -shellband (see
x4.1).In each casetheupperpanelshows(in bold)thebest-tting m odel,them odelafter
correcting forallneutralabsorption (N G alH I and N
neu
H ;z),and (dashed)theim plied underlying
continuum . The lower panelshows the m ean data/m odelratios. The lled triangles
show the (error-weighted)m eansofthe ratiosfrom the individualASCA detectorsforthe
energy-bandsused in the spectralanalysis,rebinned in energy-space forclarity.(Notethe
dierenty-axisscale in plota.) The dotted errorbarsshow the corresponding rebinned,
m ean ratioswhen the best-tting m odelisextrapolated < 0:6 keV and into the 5{7 keV
band.Thestarsshow data/m odelratiosofthe1993 ROSAT PSPC data,again rebinned in
energy-spaceforclarity.Thedetailsoftheindividualpanelsaredescribed in x4.1.
Fig.3.| (caption on previouspage)
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Fig. 4.| The Uppershowsthe totalSIS countrate asa function oftim e using 128 sbins
(from Fig.1).The lowertwo panelsshowstheXM 1/XM 3 and XM 2/XM 3 X-ray colors(see
x3.3)asafunction oftim eusing5760sbins.In allcasesthey-axisislogarithm ic.Signicant
variability isevident in the XM 1/XM 3 and XM 2/XM 3 colors during both epochs. During
the 1993 observationsitisclearthatthe spectrum becom essofterasthe source brightens
during tem poralperiod 1993(t3)
Fig.5.| The XM 1/XM 3 { XM 2/XM 3 color-colordiagram fortheepochsoftheNGC 3227
observations. Also shown are the predictions from various theoreticalspectra after being
folded through the spectralresponse ofthe XRT/SIS instrum ent (described in x5.1). The
lled circle indicatesthe location ofthe best-tting m odelforthe tim e-averaged spectrum
described in x4.Duringthe1993observations(leftpanel),thepointswith thehighestvalues
ofboth XM 1/XM 3 and XM 2/XM 3 occur during the tem poralperiod 1993(t3) dened in
Fig.4.
Fig.6.| Contoursshowing the90% condence regionsin theN H ;z{UX and N H ;z{  planes
from the tim e-resolved spectralanalysis ofNGC 3227 described in x5.2. The lled circles
indicate the best-tting values from the analysis ofthe tim e-average spectra described in
x4.1.During thetem poralperiod 1993(t3)thereunderlying powerlaw appearsto besteeper
(by   0:1)than duringtherem ainderoftheobservationsatthatepoch.Theopen circles
indicate the best-tting values when the 1993(t3) data is excluded from the analysis (see
x5.2).
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Fig. 7.| The m ean ratio ofthe 1993(t3)data to the best-tting m odelto the com bined
1993(t1,t2,t4) datasets (N neuH ;z = 1:1  10
21 cm  2 ,   = 1:60, N ionH ;z = 4:3  10
21 cm  2 ,
UX = 0:058,and D f = 0).Thesolid curveshowsthetheoreticalratioassum ing asteepening
ofthe underlying continuum by   = 0:13 pivoting at10 keV,plusthatdue to the best-
tting diskline prole (E z = 6:43 keV, = 1:98,i= 0,and equivalent width 170 eV).It
can be seen that the the 1993(t3) data are consistent with such an hypothesis. However
as discussed in x5.2.1,this steepening m ay also be the result ofa lack ofresponse in a
Com pton-reectorduring the1993(t3)’are’
TABLE 1
Observation Log of the ASCA Observations of NGC 3227
Dates Satellite Seq. No. t
exp
Count Rates N
pts
F
0:5 2
F
2 10
(10
3
s) Source Background (excl 5{7 keV) (10
 11
erg cm
 2
s
 1
) (10
 11
erg cm
 2
s
 1
)
(count s
 1
) (count s
 1
)
(1) (2) (3) (4) (5) (6) (7) (8) (9)
1993 May 08 { 19 ROSAT 700996 19.5 0:458 0:005 0:020 0:001 187 0:52 0:03   
1993 May 08 { 09 ASCA 70013000 30.7 0:879 0:004 0:018 0:001 1132 0:70 0:04 2:42 0:12
1995 May 15 { 16 ASCA 73068000 34.3 0:512 0:003 0:036 0:001 1109 0:23 0:01 2:64 0:13
NOTE.| Cols.(1{3): Observation period, satellite and sequence number. Col.(4): Total exposure time of selected data (SIS0 in the case of the ASCA
data). Col.(5): Mean background-subtracted count rate in the 0.2{2.0 keV (PSPC) or 0.6{10.0 keV band (ASCA SIS0, corrected for the counts falling
outside the extraction cell { see x3.2). Col.(6): Estimated background count rate rescaled to be directly comparable to source count rate in col.(5). Col.(7):
Number of spectral data points used in the spectral analysis presented in x4 (summed over all four instruments in the 0.6{5.0, 7.0{10.0 keV band in the
case of the ASCA data). Cols.(8{9): Observed ux in the specied energy bands; quoted errors are statistical or 5%, whichever the larger.
TABLE 2
Variability Amplitude (10
 2

2
rms
) from the ASCA Observations of NGC 3227
Epoch SIS GIS SIS XM
1
SIS XM
2
SIS XM
3
(0.5{10 keV) (2{10 keV) (0.5{1.2 keV) (1.5{3.5 keV) (4{10 keV)
(1) (2) (3) (4) (5) (6)
1993 6:36 0:69 3:99 0:41 9:90 2:21 5:55 1:12 1:76 0:75
1995 1:82 0:28 2:08 0:29 0:91 1:06 2:89 0:65 0:91 0:54
Excluding the outburst observed during period t3 (see x5 and Fig. 4)
1993 (excl t3) 2:83 0:43 1:42 0:22 2:29 1:19 2:38 0:63 2:24 0:94
NOTE.| Col.(1): Epoch of the observation. Cols.(2{6): Normalized excess variance, 
2
rms
, and
associated error calculated using the prescription of Nandra et al (1997a), from the light curves
with a binsize of 128 s (Cols.(2{3)) and 512 s (Cols.(4{6)).
TABLE 3
Results from the Analysis of the Mean Spectra (see x4)
Fit Epoch Instrument(s) N
neu
H;z
  N
ion
H;z
U
X
D
f

2
P

2
0:6
N
0:6
R
0:6
Figure
(10
21
cm
 2
) (10
21
cm
 2
)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13)
Model A: all the underlying continuum passes through a screen of neutral material
1 1993 ASCA 1:76
+0:14
 0:13
1:53
+0:02
 0:02
0:0 (f) 0:0 (f) 0:0 (f) 1200 0.93 3.6 2.30   
2 1993 ASCA+ROSAT 1:16
+0:13
 0:14
1:46
+0:02
 0:02
0:0 (f) 0:0 (f) 0:0 (f) 1708 1.00 11.6 1.71 3a
3 1995 ASCA 6:71
+0:41
 0:40
1:04
+0:03
 0:04
0:0 (f) 0:0 (f) 0:0 (f) 1520 1.00 13.2 7.1   
Model B: all the underlying continuum passes through a screen of ionized material
4 1993 ASCA 0:0 (f) 1:60
+0:03
 0:03
4:07
+0:39
 0:41
0:010
+0:006
 0:001
0:0 (f) 1122 0.48 1.7 0.90   
5 1993 ASCA+ROSAT 0:0 (f) 1:53
+0:02
 0:02
2:69
+0:21
 0:20
0:001
+0:001
 0:000 (p)
0:0 (f) 1374 0.89 2.7 1.19 3b
6 1995 ASCA 0:0 (f) 1:19
+0:03
 0:04
16:60
+0:69
 1:11
0:053
+0:004
 0:005
0:0 (f) 1231 1.00 10.1 0.57   
Model C: all the underlying continuum passes through a screen of ionized material & a screen of neutral material
7 1993 ASCA 0:61
+0:60
 0:61 (p)
1:60
+0:03
 0:03
3:98
+0:37
 1:10
0:013
+0:046
 0:005
0:0 (f) 1122 0.49 1.3 0.93   
8 1993 ASCA+ROSAT 0:36
+0:06
 0:05
1:58
+0:02
 0:03
3:24
+0:39
 0:43
0:012
+0:006
 0:005
0:0 (f) 1322 0.60 1.5 1.10 3c
9 1995 ASCA 3:20
+0:42
 0:36
1:49
+0:07
 0:07
47:86
+5:63
 5:43
0:195
+0:013
 0:010
0:0 (f) 1064 0.92 2.1 1.37 3d
Model D: a fraction D
f
of the underlying continuum is not attenuated by the ionized material
10 1993 ASCA 0:02
+1:05
 0:02 (p)
1:61
+0:04
 0:04
5:01
+3:32
 1:74
0:012
+0:048
 0:003
0:13
+0:27
 0:13 (p)
1121 0.49 1.6 0.91   
11 1993 ASCA+ROSAT 0:35
+0:07
 0:09
1:60
+0:06
 0:04
4:90
+5:10
 2:04
0:011
+0:007
 0:011 (p)
0:24
+0:23
 0:24 (p)
1321 0.60 1.5 1.10   
12 1995 ASCA 0:67
+0:51
 0:67 (p)
1:53
+0:09
 0:09
32:36
+6:49
 4:30
0:016
+0:047
 0:015 (p)
0:13
+0:04
 0:02
983 0.36 0.8 1.04 3e
NOTE.| All models include an additional screen of neutral material at z = 0 with a column density N
gal
H;0
= 2:1 10
20
cm
 2
. In the case of the ASCA
data, the ts were undertaken in the 0.6{10.0 keV band excluding the 5.0{7.0 keV band. The errors on the t parameters are 68 per cent condence
limits, (f) indicates the parameter was unable to vary during the analysis, and (p) indicates the parameter 'pegged' at the specied limit. Col. (1):
Number used to refer to the t in the text. Cols.(2{3): Epoch of the observation, and datasets included in the spectral analysis. Col.(4): Column density
of any additional neutral material. Col.(5): Photon index of the underlying continuum. Col.(6{7): Column density (N
H;z
) and ionization parameter
(U
X
) of the ionized absorber. Col.(8): Fraction of the underlying continuum unattenuated by the ionized absorber. Col.(9): 
2
-statistic for the t for
the N
pts
data points given in Table 1. Col.(10): Probability that the 
2
-statistic should be less than the observed value for the number of degrees of
freedom, dof , given by N
pts
  7. Col.(11): Ratio of the increase in the 
2
-statistic to the number of addition data points when the best-tting model is
extrapolated to the ASCA data below 0.6 keV. Col.(12): Mean data/model ratio for data points below 0.6 keV. Col.(13): Figure in which the spectral
model and data/models are plotted.
TABLE 4
Results from the Analysis of the Time-resolved ASCA Spectra (see x5.2)
Epoch N
neu
H;z
  N
ion
H;z
U
X
D
f

2
P

2
0:6
N
0:6
R
0:6
L
0:1 10
L
0:5 2
(10
21
cm
 2
) (10
21
cm
 2
) (10
42
erg s
 1
)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)
The 1993 Observations
t1 0:00
+1:71
 0:00 (p)
1:48
+0:08
 0:08
3:47
+4:38
 1:96
0:010
+0:118
 0:008
0:00
+0:50
 0:00 (p)
502 0.06 1.0 0.97 1:63 0:08 0:40 0:02
t2 1:02
+0:98
 1:02 (p)
1:57
+0:13
 0:12
5:75
+7:64
 3:23
0:070
+0:103
 0:060
0:02
+0:40
 0:02 (p)
385 0.00 1.3 1.16 1:44 0:08 0:38 0:02
t3 0:00
+1:14
 0:00 (p)
1:73
+0:07
 0:06
4:27
+0:52
 1:53
0:014
+0:050
 0:010
0:01
+0:41
 0:01 (p)
735 0.72 1.4 0.91 2:13 0:11 0:60 0:03
t4 0:05
+7:05
 0:05 (p)
1:60
+0:12
 0:10
6:17
+5:00
 5:85 (p)
0:006
+11:214 (p)
 0:005 (p)
0:22
+0:20
 0:22 (p)
563 0.16 0.9 0.91 1:48 0:07 0:39 0:02
The 1995 Observations
t5 1:31
+2:46
 1:31 (p)
1:46
+0:23
 0:20
31:62
+33:71
 9:71
0:062
+0:122
 0:061 (p)
0:15
+0:11
 0:06
377 0.91 0.3 0.99 1:99 0:10 0:48 0:02
t6 1:40
+1:68
 1:40 (p)
1:68
+0:25
 0:19
46:77
+25:03
 11:39
0:063
+0:070
 0:052
0:14
+0:05
 0:03
446 0.10 1.4 1.35 2:07 0:10 0:57 0:03
t7 0:38
+1:25
 0:38 (p)
1:42
+0:21
 0:20
30:90
+9:79
 6:43
0:004
+0:062
 0:003 (p)
0:14
+0:06
 0:05
346 0.80 1.0 0.85 1:57 0:09 0:37 0:02
t8 1:00
+3:81
 1:00 (p)
1:45
+0:30
 0:17
25.12
+49:54
 6:08
0:015
+0:176
 0:014 (p)
0:15
+0:17
 0:06
440 0.78 2.0 0.95 2:00 0:10 0:48 0:03
NOTE.| Columns and symbols as for Table 3
